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Non-technical summary
In this paper we study the determinants and labor market effects of dropping out of the educational system. In doing so we pay particular attention to factors that matter in face of increasingly complex job requirements. The two key factors we consider are noncognitive skills and Internet use. Dropouts are defined as individuals who have not completed secondary school or vocational training and who are not currently in education. The analysis is based on data from the German Socio-Economic Panel for the years 2000 to 2006.
First, we study the determinants of dropout using a sample of 16 to 22-year-olds. We find that both, noncognitive skills and Internet availability at home, reduce the probability to be a dropout. The effects remain significant if different family backgrounds are taken into account. Internet availability may reflect the benefits of Internet as an educational technology, but also a part of parents' attitudes and skills that are to some degree independent of their formal education and their income. Introducing a psychological measure as well as information on extracurricular activities (sports, music, being a class representative) to evaluate the influence of noncognitive skills, we find that the factors that reduce the dropout probability differ between women and men.
In the second part, the labor market outcomes of dropouts and non-dropouts are analyzed. At equal educational levels, those with higher noncognitive skills are less likely to be unemployed. We then look at the wage gap between dropouts and medium-skilled workers. Considering individuals in equal occupational groups, at equal levels of noncognitive skills and equal Internet use status, the wage gap between dropouts and medium-skilled workers vanishes for men. For women, the gap amounts to four percent. Finally, it is examined whether dropouts earn a higher or a lower wage premium from high noncognitive skills or from using Internet at work. We do not find any effect that is significantly different from the effect for the whole working population. 
Introduction
The successful completion of secondary education and the subsequent entrance into apprenticeship has long been the privileged way of access to the labor market for German workers without advanced general education. At the same time, Germany's strong industrial sector also offered employment and on-the-job training for school leavers without a vocational degree. Over the last two decades, there has been a growing concern about young people that drop out of the system of secondary and vocational education and their labor market perspectives. The rising difficulties of dropouts on the labor market become evident when looking at the evolution of unemployment rates. Since the 1970ies, the gap between the unemployment rate for the whole population and for those without a vocational degree has risen from 2 to 15 percentage points. Most of the drift occurred before German reunification (see
Reasons for educational dropout and its increasingly severe consequences can be sought on the supply and the demand side of the labor market for low-and mediumskilled workers. In light of the results of the PISA study on educational achievement of 15-year-old students, the public discussion has focused on insufficient cognitive skills of school leavers who want to enter an apprenticeship.
On the demand-side, skill-biased technological change, especially the spread of information and communication technologies (ICT), is considered to reduce the demand for low-and medium-skilled workers (Autor, Levy and Murnane, 2003) . But changing requirements operate also within occupations that are not filled with high-skilled workers (Spitz-Oener, 2006) . A shift to nonroutine tasks rises the requirement of abilities to master complex work situations. In this context, noncognitive skills such as self-confidence and self-control play an important role (Heckman and Rubinstein, 2001; Borghans, Duckworth, Heckman and ter Weel, 2008) . The labor market success of educational dropouts can be expected to depend on the extent to which they can match these requirements in spite of lacking formal qualifications. Complex jobs more frequently involve the use of ICT such as personal computers and Internet. These technologies also play an increasingly important role in education where their benefits are, however, to some extent contested by statistical evidence.
The purpose of the paper is to analyze the determinants and the effects of educa- as factors relevant in preparing for and being successful in a labor market with a high demand for workers performing complex tasks. There are three stages at which young people can drop out of the German system of education for low-and mediumskilled workers: first, if they leave school without any degree, second, if they fail to enter an apprenticeship or a professional school after completing lower secondary education, and third, if they drop out of an apprenticeship or professional school without any degree. Someone who obtains a high school degree (Abitur) will by definition not be considered as an educational dropout irrespective of whether he or she completes professional training afterwards. Using data from the German Socio-
Economic Panel, we first analyze the determinants of educational dropout during the years directly after leaving school. In the second part we study the effect of educational dropout on the risk of unemployment for persons between the age of 18
and 50 and wages of workers between the age of 25 and 50.
Our results show that noncognitive skills have a significant impact on educational success, on the employment probability and on wages after controlling for family background in the youth sample and after controlling for formal qualification in the labor market sample. In the youth sample significant effects are found for a psychological measure of noncognitive skills as well as for extracurricular activities that can be seen as a proxy for them. Internet availability at home also significantly reduces the dropout probability while we do not find any significant effect of playing computer games. Unemployment is shown to depend on noncognitive skills in addi-2 tion to education. Considering wages we show that the wage gap between dropouts and the next higher qualification level considerably decreases when controlling for occupations, noncognitive skills and professional Internet use. For men the wage gap vanishes once we control for these variables, for women it still amounts to 4%.
The paper is organized as follows: Section 2 reviews selected previous literature, section 3 describes the data set and definitions used. Section 4 analyzes the determinants of educational dropout using probit estimation. Section 5 takes a look on unemployment and Section 6 studies the wage effect of educational dropout. Section 7 concludes.
Previous Literature
Our paper is related to the literature on labor market integration of low-skilled workers on the one hand and to literatures on the specific role of ICT use and of noncognitive skills on the other hand. A number of papers study the determinants of school career and transition to apprenticeship in the German system. Dustmann (2004) analyzes the link between own and parental education and wages over six decades. He finds that parental background translates, through an association with early ability tracking in the German school system, into sizeable wage differences. Franz et al. (2000) look specifically at the school-to-work transition in the 1980s and the early 1990s. They highlight three stages of school-to-work transition at which failure can occur: (1) the transition from school to vocational training, (2) the completion of vocational training, (3) the transition into employment after training.
Our analysis focuses on the first two stages and our definition of educational dropout will encompass all persons that experience failure at one of these stages. Failure at the first stage can result from leaving school without a degree or from not finding an apprenticeship. It is also the stage at which most failures occur, the success rates of graduating from apprenticeship lying well above 90 percent. We contribute to this literature by extending the analysis to noncognitive skills and computer use. Detailed skill data are only available since 2000. Therefore we focus on the completion of education and not on the integration of young people into the labor market.
A growing literature is devoted to the economic role of noncognitive skills (see for example Heckman et al. 2006) . Some recent studies include measures of cognitive and noncognitive skills and generally find significant effects of both kinds of measures (Rauber (2007) , Carneiro et al. (2007) ). We use a Rotter index as measure of noncognitive skills. While the concept has long been prevalent in the psychological literature, it has only recently been used in economics. Two previous economic papers constructed a Rotter index from the SOEP data. Flossmann et al. (2007) analyze the effect of noncognitive skills on wages focusing on methodological issues.
Uhlendorff (2004) introduces a Rotter index into an analysis of unemployment duration. Both papers find a significant effect of the skill measure on labor market success. In addition to psychological measures, information on extracurricular activities may be a proxy for noncognitive skills, at least insofar the analysis is able to control for factors that determine selection into these activities. Using data from the SOEP, Cornelißen and Pfeifer (2007) analyze the consequences on engaging in sports during childhood and youth on educational outcomes finding a positive effect.
While public policy shows a great interest in computers as an educational device and in computer skills, there is little evidence that educational programmes fostering computer use have a positive effect on educational outcomes. Measuring this effect proves, however, quite difficult, because of the heterogeneity of ICT uses and educational settings. The results on private computer use are so far inconclusive.
Based on the PISA data including controls for family background and school characteristics, Fuchs and Woessmann (2004) find that the effect of computers at school on student achievement is insignificant while the effect of computers at home is even negative. A contrary result is found by Beltran et al. (2006) . Using several empirical strategies that aim at controlling for typically unobserved effects, they find a positive relation between home computer use and high school graduation.
The effect of computer use on wages is more extensively documented. A benchmark value for the average effect of computer use lies somewhat above 5%. Cross section studies without extensive additional controls find higher results. Panel analysis finds lower and in some cases insignificant results. But the results obtained by both methods overlap. Therefore the wage effect of computer use seems to reflect both unobserved heterogeneity and productivity gains (Dolton and Makepiece, 2004) . Borghans and ter Weel (2005) look specifically at the wage effect for low-skilled workers, using U.S. data on computer adoption and state differences in minimum wages. They argue that computer adoption is not related to skills but driven by 4 differences in wages that do not depend on skills.
This paper goes beyond previous research in studying noncognitive skills and Internet use jointly and focusing on the group of educational dropouts. Moreover, it includes a particular rich set of variables reflecting noncognitive skills using psychological measures as well as information on extracurricular activities.
3 Data Source and Definitions
The German Socio-Economic Panel
The and measure whether they have adopted Internet use at the workplace by that time.
Definition of Educational Dropout
We define educational dropout with respect to the stages at which young people without advanced general education can fail to integrate into the labor market via The elementary vocational year generally requires a school degree and is offered mainly to students who were unable to enter into the dual system. If the student continues education in the dual system afterwards, the elementary vocational year counts towards the fulfillment of the degree requirements of vocational school.
In our analysis, a person is considered as an educational dropout if he or she:
• left school without any degree, irrespective of subsequent vocational training
• left school with one of the two lowest school degrees (Hauptschulabschluss or Realschulabschluss) and is neither enrolled in vocational education nor holds a vocational degree
• is enrolled in a preparation year for vocational training (Berufsvorbereitungsjahr) or an elementary vocational year (Berufsgrundbildungsjahr)
• is pursuing a Hauptschulabschluss or a Realschulabschluss and is more than two years behind the regular age for obtaining it.
The definition implies that those in education are generally not considered as dropouts, a status that may change if they leave school or the vocational training system without a degree. In order to account for the fact that some situations of school enrolment are already consequences of a failure of regular integration into the vocational training system, we also count as dropouts those who are more than two years behind the age for obtaining a lower-level school degree and still in school as well as those in special measures preparing for vocational training.
Rotter's Locus of Control
While the economic literature traditionally recognizes the importance of cognitive skills for school and labor market success, the link between noncognitive skills and human capital accumulation has been studied only in recent years (Borghans et al., 2008) . Noncognitive skills can affect schooling and labor market success through a direct channel. Individuals who have highly pronounced noncognitive skills are more likely to be motivated in doing homework and less likely to skip school. In the labor market, noncognitive skills influence the willingness to work hard, being on time and being trusted (Heckman and Rubinstein, 2001 ).
In our analysis we use Rotter's Locus of Control (Rotter index) as measure for noncognitive skills that are effective in school and the labor market (Rotter, 1966) .
This concept, typically used in psychology, is employed to distinguish between two types of personality. Respondents are confronted with two sorts of statements that express judgements about the personal situation or life in general in opposite ways.
One category of statements sees luck as the determining force of success and failure. The other category sees individual skills and actions as the determining force.
According to their degree of agreement with the statements, individuals can be divided into two types, the externaliser and the internaliser. Externalisers attribute outcomes to external circumstances, while internalisers attribute outcomes to their own control. Internalisers are considered to have stronger noncognitive skills such as motivation, interest and self-esteem.
In order to construct a Rotter index we use 10 items from the youth and the personality questionnaires. The items are ranked on a four-point scale in the youth questionnaire and on a seven-point scale for workers (see Table 1 , all Tables are in Appendix). In the youth questionnaire the items are included every year. For workers, the Rotter index is only available for the year 2005. It is assumed that the skills derived from this index are stable over time, at least for persons older than 25. We sum up all items to obtain a unidimensional scale (see Table 1 ). The scale ranges between 10 to 40 in the youth sample and between 10 to 70 in the sample of the working population (Rotter, 1966) . High levels indicate strong noncognitive skills (internalisers), low levels indicate weak noncognitive skills (externalisers). Besides cognitive skills noncognitive skills play an important role in determining educational success. In addition to the Rotter index (see discussion above) the variables "class representative", "music", "sports" and "playing computer games" are measures which might reflect parts of individual noncognitive skills. They can be used as proxy variables for unobserved motivation, self-discipline, time-preference, authority and self-control. Two thirds of all individuals regularly engage in sports, 21%
in music and 51% in playing computer games. About one third of all respondents have been a class representative at some time in their school career. Engagement in sports and music and as a class representative is more prevalent among non-dropouts while there is no difference in the share of those regularly playing computer games.
Meanwhile the gender difference is strong with 71% of young men playing computer games and 31% of young women. Men are also somewhat more likely to engage in sports while women are more likely to engage in music.
While regular playing of computer games is expected to reflect the aspects of computer use that might be detrimental to educational outcomes, Internet access at home may have both positive and negative effects. Positive effects come from the use of Internet as an educational technology for looking up information, doing homework or communicating with teachers and other students. When looking at the lower tail of the educational distribution one also has to take into account that Internet as an interactive technology encourages the practice of reading and writing. Internet access at home is available to 56% of the non-dropout compared to 30% of dropouts.
In the lower part of Table 2 we look at descriptive statistics for the family background. All information on the parents refers to characteristics when individuals were 15 years old. The overall pattern is that on average parental educational attainment is lower than the attainment of the offspring.
4
With regard to schooling, there are no large differences between mothers and fathers. In contrast, differences between females and males regarding occupational degrees are pronounced in the parents' generation. The share of individuals who grew up with both parents until the age of 15 is about 80%. Finally, the share of individuals with migration background is about 20%. include a variety of family background information to analyse changes in the impact of skills and computer use on the probability to drop out. Explanatory variables are obtained from the year in which respondents filled in the youth questionnaire for 16-and 17-year-olds. The dependent variable is based on information from all periods. To take into account the fact that the probability to be a dropout in one educational stage influences the probability to be a dropout in subsequent stages, we cluster the standard errors in our pooled sample at the individual level. Through this clustering we allow for serial correlation within a cluster but we do not allow for serial correlation between clusters.
Regression Analysis

6
Explanations of differences between low-and high-educated individuals are often based on the family background and sometimes on cognitive skills. Our interest lies in the additional effect of noncognitive skills and Internet use once these effects 4 The category "Hauptschule" for the parents also includes those without any school degree. 5 The dummy for immigration takes the value one if the individual belongs to the first or second generation of immigrants and zero otherwise.
6 The cluster size varies between one and six observations. are controlled for. The interpretation of these findings requires caution: In our probit estimation it is evident that unobserved third factors, for instance unobserved abilities, affect both observed skills and educational outcomes. Unfortunately, the data contain no identifying information to disentangle the effect of cognitive and noncognitive skills on educational attainment. However, the fact that the association between skills and educational attainment is robust to the addition of controls for a rich set of family background variables strengthens the credibility of a causal interpretation.
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In a similar vein, it can be objected that Internet availability at home is endogenous. Controlling for parental education, income and occupational status should at least eliminate the most obvious sources of endogeneity.
In the joint regression for females and males, the Rotter index for noncognitive skills, regular engagement in music and sports and being a class representative all have a negative effect on educational dropout that remains significant after controlling for personal and family characteristics. Thus noncognitive skills clearly reduce the probability to become an educational dropout.
In separate regressions for females and males, the effect of sports remains significant for both. It reduces male dropout probability by 3.4% and female dropout probability by 6.1%. The robust effect of sports supports earlier findings by Cornelißen and Pfeifer (2007) . The Rotter index and being a class representative have a significant effect only for men, while engaging in music has a significant effect only for women.
The fact that the Rotter index and several extracurricular activities are significant in the same regression underlines the multidimensionality of noncognitive skills and points to different channels through which young people develop skills important for educational success.
It is often argued that early tracking increases inequality later on. Our results confirm previous results that young adults who obtained a recommendation for the Hauptschule (lowest secondary school track) after primary school are more likely to be educational dropouts. In separate regressions, the result is only significant for males, who also have a higher share of recommendations for the Hauptschule.
The availability of Internet at home has a five percent raw effect on dropout prob-ability and the effect still amounts to three percent after controlling for personal and family characteristics, which include in particular the household's net income.
This result is in line with Beltran et al. (2006) In addition, all models contain measures for the parental background such as parents' school education, parents' vocational training and parents' occupation. We also include family composition and find that growing up with both parents until the age of 15 significantly reduces the probability of being an educational dropout for young men.
Unemployment Effects of Educational Dropout
We analyze the determinants of unemployment for a subsample of persons on the labor market aged between 18 and 50 living in West Germany. We do not include older workers in order to exclude effects of early retirement and too heterogenous cohorts. In our sample the unemployment rate is 4.1% for non-dropouts and 12.2% for dropouts. Tables 6 and 7 show marginal effects on the probability to be unemployed.
From specification 1 to 4 we stepwise add more explaining variables. In specification 
Wage Effects of Educational Dropout
Descriptive Statistics
According to the descriptive statistics of Table 5 , educational dropouts experience lower hourly wages than non-dropouts. But at the beginning of working life they earn higher wages (see Figure 3 ). This could be the case because they are participating already in the labor market while other persons are still in education. Looking at the lifetime wage profiles, we observe a relatively flat wage profile for dropouts while wages of non-dropouts increase faster and later in life significantly exceed wages of dropouts.
To handle these different effects of the dropout status on wages, we restrict our sample to persons aged between 25 and 50 years and to employed persons living in West Germany who work more than ten hours a week. Also, to reduce the risk of consumption wages of comparable purchasing power.
In addition to average wages, Table 5 shows descriptive statistics for selected explanatory variables separately for males and females as well as for dropouts and non-dropouts. Male dropouts in the sample are on average younger than female dropouts. The share of persons with migration background is more than twice as high among dropouts as among non-dropouts. By contrast, the share of persons using the Internet at their workplace is more than twice as high for non-dropouts as for dropouts. Also the Rotter index which potentially varies between 10 (total externaliser) and 70 (total internaliser) is higher for non-dropouts.
For the specification of the occupational categories we use the International Standard Classification of Occupations (ISCO 88). The distribution across occupational categories is reported in Table ( While only a minor share of all workers works as managers or professionals, it is noticeable that the share of dropouts who are managers is relatively high with 5%.
These include mainly owners or managers of hotels, restaurants and wholesale or retail firms. Table 8 and Table 9 show the wage regressions based on the sample described in Section 6.1. Results are reported separately for males and for females. As dependent variable we use log hourly wages and add progressively more control variables to analyze the development of the effect of being a dropout. We control for six educational levels, the lowest being the dropout status. Because of data restrictions, we cannot instrument educational levels but introduce them directly into the wage regression. As education is partly endogenous, the corresponding coefficients should be interpreted as correlations, not in a strictly causal way. As in the probit estimation, unobserved abilities affect observed skills and outcomes.
Regression Analysis
In the parsimonious estimation where we only control for age and four birth cohort dummies (born 1960 or earlier, born between 1961 and 1967, born between 1968 and 1974, born 1975 or later) the fact of being a dropout by our definition reduces the hourly wage by about 15 percent for males and even 22 percent for females.
In a second step, we also control for year effects and higher educational degrees.
We include dummies for the following categories: high school degree only, high school degree and vocational training, degree from a technical college, degree from a university. The reference category is completed lower secondary education and vocational training. Year effects turn out to be rather small. In general higher education levels lead to higher wages. By our definition, dropouts do not achieve any of these higher degrees. Apparently, the negative influence of being a dropout decreases if we control for more individual characteristics. This trend is continuous over all specifications.
In specification (3), we add controls for firm size (less than 20 employees, 20 to 199 employees, 200 to 1,999 employees, more than 2,000 employees), industries and occupations.
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As shown in the descriptive statistics, there is a strong occupational segregation between women and men, and, to a lesser extent, between dropouts and non-dropouts. In the regression, the category of clerks, with a roughly equal representation of dropouts and non-dropouts, was chosen as a reference category.
For all occupational categories with a high proportion of dropouts compared to nondropouts (plant and machine operators, elementary occupations and female service, shop and sales workers), there is a pronounced negative wage effect. Meanwhile male craft workers, which include similar high shares of dropouts and non-dropouts, experience only a weak negative wage effect compared to office clerks. Female associate professionals, which include a large number of dropouts but a relatively low share, earn on average higher wages than office clerks. Thus a part of the effect of educational dropout on wages becomes manifest in occupational segregation.
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In specification (4) we additionally include the Rotter index and in specification (5), Internet use at the workplace is added. Both variables have coefficients with the expected sign and are significant. Higher noncognitive skills are associated with higher wages and the same is true if the worker has started using Internet at the workplace by 2001. Using the Internet is related with a wage premium of 9 percent for males and of 6 percent for females. From specification (3) on, which adds occupational groups, the fact of being a dropout has no separate explanatory power anymore for males. Meanwhile being a dropout has still a significant negative influence for females in specification (5), where it amounts to 4.1%.
In a further extension, we add interaction terms between being a dropout and the migration background, the Rotter index and Internet use (see specification (6)). Interestingly, dropouts with a migration background seem to earn higher wages than other dropouts. With regard to Internet use and noncognitive skills, we note that these variables do not display any additional effect for educational dropouts if interacted with the dropout dummy. Moreover, the inclusion of interaction terms renders the effect of being a dropout in the reference category insignificant for both males and females. A reason for this may be the high collinearity among the interaction terms and between the interaction terms and the main effect of being a dropout.
Conclusion
In this study, we investigate the determinants of educational dropout in Germany and its effect on employment and wages, paying particular attention to factors that are important in an increasingly complex work environment. More specifically, we focus on noncognitive skills and Internet use which potentially play a role both in completing education and in being successful on the labor market. Based on individual data from the SOEP, we have found the following main results:
Higher noncognitive skills have positive effects on school attainment as well as on individuals' employment probability and earnings. In the youth sample, an increase in the Rotter index on a scale from 10 to 40 by 5 points reduces the dropout probability by 4%. Engaging in sports and having been a class representative decreases the dropout probability by 3.4% and 4.4% respectively. For women, the Rotter index does not remain significant after controlling for family background, but engaging in music and sports reduces the dropout probability by 4.7% and 6.1% respectively.
The fact that several proxies for noncognitive skills are significant points to their multidimensionality.
Looking at labor market outcomes, a 10 point increase in the Rotter index on a scale from 10 to 70 reduces unemployment probability by 3% and raises wages by 4%. It is noticeable that separate regressions for men and women obtain the same magnitude for these effects. Meanwhile the direct effect of being a dropout appears to be higher for men when looking at the unemployment probability and higher for women when looking at wages. Controlling for additional characteristics such as occupations,
Internet use and noncognitive skills, the wage gap between dropouts and those with completed lower secondary school and professional education vanishes for men. For females the wage gap is reduced to four percent.
The expected positive association between computer use and wages is found in the wage regressions, which introduce Internet use at work, with no difference between dropouts and non-dropouts. Examining the more contested effect of computer use on educational success we find an insignificant effect of regular computer playing and a positive effect of Internet availability at home. The latter remains significant after controlling for parental education and income.In order to better understand the overall effect of the increasing availability of ICT on educational outcomes, future research should aim at using data that detail different ICT uses and the duration of use per week.
With more waves of the SOEP becoming available, the cohorts for which information from the youth questionnaire is present can be observed over a longer time horizon. Using these data, it will be possible to study the effect of multidimensional noncognitive skills developed in youth on the long-term labor market success.
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